Objective: To examine whether diet is an independent determinant for total homocysteine (tHcy) levels. Design: Data on background variables was collected by questionnaire interviews, food intake by one 24 h recall and tHcy levels in a blood sample in 310 healthy men (mean age, 38 y). Setting: Two oil producing platforms in the Norwegian sector in the north sea. Results: The arithmetic mean (s.d.) and median tHcy levels were 10.4 (2.9) mmolaL and 9.9 mmolaL, respectively. In a covariance analysis, mean adjusted plasma tHcy decreased by 7±21% from no intake to highest category of intake of bread, vegetables, and skimmed milk, and increased by 8±9% from less than 30% to above 35% energy from fat, and from no intake to one liter or more for coffee. Smokers had a lower intake of cereals, bread vegetables and fruits, but ate more fat and meat. Thus, smoking may have an indirect effect on the tHcy level through its effect on diet. In a multiple regression model, bread and vegetables were negatively associated with tHcy, while fat was positively associated.
Introduction
There is increasing evidence that elevated levels of plasma total homocysteine (tHcy) is an independent risk factor for cardiovascular diseases (Arnesen et al, 1995; Boushey et al, 1995; Malinov, 1994; Nyga Êrd et al, 1995; Nyga Êrd et al, 1997a; Perry et al, 1995; Stampfer et al, 1992; Ueland et al, 1992) . Low levels of the vitamins folate, cobalamin and B-6 have been shown to be related to elevated levels of tHcy (Ubbink et al, 1993; Selhub et al, 1993) . Coffee and nonnutritional factors such as cigarette smoking and exercise have also been shown to be associated with the tHcy level (Nyga Êrd et al, 1995; Nyga Êrd et al, 1997b) in a dose dependent manner, and we have recently observed that smoking, coffee drinking and low vitamin intake are associated with both an increase in mean tHcy level as well as a more skew tHcy distribution (Nyga Êrd, 1997c) , suggesting that lifestyle factors may be important determinants of the tHcy level.
Despite the importance of vitamins in the determining the tHcy level (Selhub et al, 1993) , the relation between diet and the tHcy level has infrequently been studied. Tucker et al (1996) looked at the relationship between intake of food group sources of folate (including dietary supplements) and plasma folate and tHcy concentrations among elderly in the Framingham Heart Study. To study the hypothesis that diet is an independent determinant for plasma tHcy, we investigated the relationship between the intake of individual foods and plasma tHcy concentration among workers living on platforms in the north sea. Such platforms can be considered as closed communities providing a stable setting for several otherwise variable factors (namely sleeping quarters, living rooms, health care, restaurants, food availability, meal pattern). On these platforms a wide variety of foods are freely available, including cold dishes on buffets, several hot dishes, vegetables, green salads, fruits, desserts, fresh bread and rolls. The meals are served at regular hours, and are the same for all workers independent of position and background (Oshaug, 1995) . The dietary intake on the platform is therefore primarily dependent on each individual's choice. People live at the platform for two weeks, most of them on shift-work schedule, alternating with three to four weeks off.
Subjects and methods

Subjects
The study population in this cross sectional study was recruited from two permanent production platforms in the Norwegian sector of the North Sea. Only Norwegian male workers on day shift were included in this study as only 10% of the total population were women. The men at such platforms were healthy according to a health-certi®cate which must be renewed every second year. At the bigger platform, the average total population (including women) was 309 people of which 56 worked on night shift or were of foreign nationality, leaving 253 people as possible participants. From this platform 219 males participated in the survey. At the smaller platform, the average population was 191ad, of which 52 worked night shift or were not Norwegian citizens, leaving 139ad people as potential participants in the survey. At this platform, 119 males were interviewed. One of the methods for assessing diet in this study was 24 h recall. Therefore, only those who had been at the platform at least two days prior to the interview were included in the analysis. This because the ®rst day of work includes travel and therefore may in¯uence the diet. Thus the sample size in this study is 310 males, with a mean age of 38.3 y (range 21±59 y). More than half of the participants were smoking with a mean value of 14.5 cigarettesad among smokers, and the workers had a relatively high level of education. The study population is further described in Table 1 .
Data collection
The survey was based on standardized interviews and a health examination, including blood sampling. The data were collected by nutritionists with university degrees, and the experiences with the method were discussed among them every day. There were no differences in the data collected by the various interviewers. The health examination was performed by the company nurse.
Dietary variables: Data on diet was collected by one 24 h recall and using food models, and by a questionnaire including questions on food frequency at home and at the platforms. Food models were prepared, weights recorded, menus and lists of food served were used during the interviews, and recipes were registered in the kitchen each day during the study. The models included items in the menu of the day. The different cups, glasses and bottles with various soft drinks, juices, etc. in the restaurant were used when determining volumes. Information about the meal pattern, menu structure, buffet selection, and number of dishes were collected by observation and interviews with catering and health personnel, and people responsible for platform management.
Only foods related to increased risk for CVD or known to in¯uence the tHcy level or the vitamins related to homocysteine metabolism were included in the analysis. The dietary intake variables (gad) from the 24 h recall used here are: bread, fresh and total vegetables, fresh fruits, skimmed milk, total fat, and ®ltered coffee. The food frequency variables included in this analysis are: bread, vegetables, fruits, meat, and ®sh, all the normal frequency of consumption at home and offshore. Bread was used as a continuous variable (slices of breadad), and the other dietary variables were coded in ®ve categories: noaseldom used, 1±2 timesaweek, 3±4 timesaweek, 5±6 timesaweek, and every day.
Blood sampling and plasma tHcy determination: The nonfasting EDTA blood samples were centrifuged within a maximum of 15 min and the plasma supernatant stored at 720 C and after a maximum of 8 d transported to the Department of Pharmacology. Plasma tHcy was determined using high performance chromatography with¯uorescence detection (Fiskestrand et al, 1993; Refsum et al, 1989) .
Statistical methods
The information on diet was coded by food item and amount and analyzed by a nutrient database and computer program developed by the Section for Dietary Research, University of Oslo (Oshaug et al, 1992) . Both non-parametric and parametric statistical methods were used.
Non-parametric correlation coef®cients were calculated to see the association between tHcy and frequency in use of selected foods at home and offshore, and the association between the various foods. Adjusted means for tHcy were calculated using a covariance model. For this analysis, the dietary variables were grouped into three categories: no intake, below the median, and above the median. Skimmed milk was group only in two categories: no intake, and intake; coffee had four categories: no intake, 1±499 gad, 500±999 g, and above 999 gad. Energy intake from fat was grouped into three categories: below 30%, between 30 and 35%, and above 35%. Multiple linear regression analyses were used to control for possible confounding factors. Possible confounding variables were age (years), smoking (not smoking, smoking), time worked offshore (months), and education (categorized as in Table 1 ). Throughout the analysis the Statistical Package for the Social Sciences was used (Norusis, 1993) .
Ethics
The study was approved by the Data Inspectorate which approves studies involving human subjects in Norway, and all subjects gave informed consent.
Results
The arithmetic mean, median and range of tHcy levels were 10.4 mmolaL (s.d. 2.9, and 95% CI 10.07±10.73), 9.9 mmolaL, and 5.6±33.4 mmolaL, respectively. Seventeen men (5.5%) had a tHcy value of 15.0 mmolaL or more, and among these, 15 (4.8%) had values on the right tail outside the normal distribution (b 16.2 mmolaL). These values are somewhat lower than reported in Norwegian men aged 40± 42 (Nyga Êrd et al, 1995) , and may be related to the particularly healthy population on oil platforms.
The food intake was characterized by a relatively low median daily intake of bread (138 g) compared to a similar population on shore (Johansson et al, 1997) , and a high intake of total vegetables (185 g), fruits (138 g), coffee (770 g) and fat (130 g). The median energy intake from fat was 39% (Table 2 ). Compared to the rest, the 17 men with moderately elevated tHcy (mean 19.1, range 15.0± 33.4 mmolaL) were more frequently smokers (49.7% vs 58.8%), and had a lower intake of bread, vegetables, fresh fruit and skimmed milk, but a higher intake of coffee and fat. The only statistically signi®cant difference was the intake of fresh vegetable. Table 3 shows non-parametric correlation coef®cients between plasma tHcy and selected foods. There was a positive association between use of the individual food items offshore and at home, with the highest correlation coef®cient for fruits and vegetables (r 0.59 and r 0.58 respectively) and the lowest for ®sh (r 0.24). Frequency of meat used offshore was negatively correlated with many of the other foods, including bread, fruits and ®sh offshore, while ®sh was positively correlated with the use of fruits and vegetables. The coef®cients between tHcy and bread were negative both at home and offshore. Among the other food items, only the use of meat offshore showed a positive signi®cant correlation with the plasma tHcy level. Table 4 shows the relationship between intake of selected foods and plasma tHcy, after adjusting for possible confounding factors. Mean plasma tHcy decreased by about 7±21% from no intake to highest category of intake of bread, vegetables, and skimmed milk, and increased by 8± 9% from less than 30% to above 35% energy from fat and from no intake to one liter or more for coffee, respectively. These trends were similar for both smokers and nonsmokers when analyzed separately.
Multiple regression analysis was performed to determine whether speci®c foods were independent predictors for plasma tHcy. In Table 5 , a linear regression model including bread, fresh vegetables, fat and smoking is presented. Bread and fresh vegetables were negatively associated with tHcy, while fat was positively associated. Plasma tHcy was also higher among smokers. When smokers and non-smokers were analyzed separately the negative and positive associations were similar. Only pooled data are therefore shown.
It is known that dietary intake data from one 24 h recall often poorly represent the usual diet of a person. We therefore asked the participants whether they had eaten normally the day reported in the 24 h recall. If only those who answered yes to this question were included in the regression analysis (n 233), the results were similar, but now with bread and fat contributing signi®cantly to the ®t of the model despite of reduced statistical power. Similar results were obtained with logistic regression (0 tHcỳ 10 mmolaL, 1 tHcy b 10 mmolaL). With the same variables as in Table 4 , bread and fat contributed to the ®t of the model (data not shown).
Discussion
We have shown a consistent association between plasma tHcy, and the use and intake of bread, vegetables and fat. In some of the analysis, we also found a relation between plasma tHcy and consumption of fruits and skimmed milk (Table 3 and Table 4 ). Bread, vegetables and fat were independent determinants for plasma tHcy when controlling for possible confounding factors in a regression model (Table 5) . Similar results were obtained in regressions models which only included subjects who reported that they had eaten normally the day of the 24 h recall, and in logistic regression models. In some of these models, fat contributed signi®cantly to the ®t. Similar results were obtained when smokers and non-smokers were analyzed separately.
Food composition tables (Norwegian Nutrition Council, 1995) show that bread, vegetables and fruit have relatively high content of folate compared to other foods. This is probably the reason why these foods were negatively associated with tHcy. One can, however, not exclude that other dietary components in these foods also play a role. Fat intake was an independent determinant of plasma tHcy in some models, but we have no plausible explanation for this relationship. Interestingly, in a recent Norwegian study, it was shown a positive linear association between plasma tHcy levels and total serum cholesterol (Nyga Êrd et al, 1995) . Other studies have shown similar results, but no biochemical explanation for this association has been presented (Arnesen et al, 1995; Messer, 1986; Molgaard et al, 1992; Wu et al, 1994) .
Skimmed milk and fat intake were inversely correlated in this study (partial correlation, controlling for age r 70.21, P`0.001), so there is a possibility that skimmed milk only is an indicator of low fat intake. Skimmed milk consumption was also signi®cantly associated with lower plasma tHcy (Table 4) . Skimmed milk did not, however, contribute to the ®t in a regression model where it substituted fat, but bread (P 0.03) and coffee (P 0.05) did (data not shown). It is therefore uncertain whether skimmed milk is an independent determinant for low plasma tHcy levels. The dietary pattern and the level of smoking of the 17 people with moderately elevated tHcy levels were what one could expect based on the rest of the ®ndings. Those men consumed less foods which are negatively associated with tHcy, and more of the foods with a positive association to tHcy; and they were smoking more. Guttormsen et al (1996) reported similar ®ndings. They also showed that 73% of those with elevated tHcy were homocygote for the C677T mutation in the methylenetetrahydrofolate reductase gene. In spite of this mutation, in 21 out of 37 cases plasma tHcy was normalized within seven months with a low dose folic acid (0.2 mgad). Even if only the difference in vegetable consumption in the 17 men was statistically signi®cant from the rest, it is thus not unlikely that the diet was partly responsible for their elevated levels of tHcy.
The ®ndings in this study is based on one single 24 h recall for each person, and gives under normal conditions a poor general picture of the dietary pattern at individual level (Barrett-Connor, 1991) , thereby leading to wide con®dence intervals. Moreover, the 24 h recall was performed on the oil platform, which possibly do not re¯ect the diet at home. The correlation analysis indicate that the diet on the platform and on-shore was quite similar. This indicate that one would not expect substantial differences in tHcy levels caused by the shift from a home situation to a platform situation. A possible change in tHcy with time on the platform could theoretically be explained by differences in vitamin intake on the platform and ashore. However, the biological effects of vitamins last for weeks to months. Moreover, such differences in dietary habits at home and off shore, will if anything, lead to an underestimation of a true association, and can therefore not explain the associations presented here.
The weaknesses of the 24 h recall method are in our study counteracted by the unusual good control with quality and quantity of the dishes that were served, the collection of the recipes used and a complete overview of the meal pattern, and the use of models of all served foods in the data collection . On shore one would normally never have such a control. Notably, the effect is to obscure or reduce associations, not create them (Willett, 1990) . Methodological weaknesses cannot therefore explain the association between food intake and tHcy presented here.
In relation to the possible prevention of vascular disease, several intervention studies using vitamins to reduce the tHcy levels are about to be started. Most of these will use pharmacological doses of vitamins (folate, B-12, B-6) . This study of a relatively small group of healthy young to middle aged men, with relatively modest variation in plasma tHcy, suggest that the diet may signi®cantly in¯u-ence the plasma tHcy level. We also con®rmed (Nyga Êrd et al, 1995) that smokers had a higher tHcy level than non- smokers, and that they had a diet associated with a higher tHcy level (Oshaug et al, 1996) . Thus, our ®ndings suggest that lifestyle modi®cations including changes in diet may be an important means to prevent high plasma tHcy levels at a population level.
Conclusions
Our results combined with data from previous studies, make it unlikely that the associations between tHcy and the diet in workers on the platforms are due to chance alone. We found that certain foods, in particular those that are important folate sources in the Norwegian diet, are independent determinants of the plasma tHcy levels. Thus, lifestyle intervention should be considered as an alternative strategy or a complement to vitamin supplements to lower tHcy levels in the general population and in hyperhomocysteinemic subjects.
